Exosomes have emerged as novel vehicles for proteins and other contents in cancer progression. Cyclophilin A (CYPA) is a pivotal member of immunophilin family. Whether CYPA can be detected in sera of nasopharyngeal carcinoma (NPC) patients remains to be explored. Epstein-Barr virus (EBV) is the first identified human tumor virus and is a causative agent of NPC. The antibody of EBV capsid antigen immunoglobulin A (EBV-VCAIgA) is a known biomarker of NPC, with a proportion of no more than 70% being detected positively. Hence, novel biomarkers need to be discovered for early diagnosis, prognosis, and monitoring of EBV-associated NPC. A total of 110 NPC and 36 normal control serum samples were collected. Exosomes from these samples were extracted. The mRNA and protein expression levels of the above samples were validated by reverse transcriptionquantitative polymerase chain reaction, Western blotting, or enzyme-linked immunosorbent assay (ELISA). Finally, the results demonstrated that both the serum and exosomal CYPA levels of NPC patients were significantly higher than that of normal cases. In addition, exosomal CYPA had a much higher level than that in the whole sera. The positive rate of EBV-VCA-IgA antibody was 68.2% in NPC sera, and noticeably, among the cases with EBV-VCA-IgA negative, 80% of them presented high levels of CYPA above the standard (cutoff value). In particular, CYPA in exosomes was uniformly with higher significance than that in whole sera. Combined analysis of CYPA protein and EBV-VCA-IgA antibody showed a greatly higher discriminatory ability in diagnosis of NPC. Moreover, exosomal CYPA level had a positive correlation with that of the EBV-encoded latent membrane protein 1 (LMP1) in exosomes. EBV-positive cancer cells secreted significantly higher levels of exosomal CYPA. This study established the utility of circulating exosomal CYPA as a potential noninvasive diagnostic biomarker for EBV-associated NPC.
| INTRODUCTION
Nasopharyngeal carcinoma (NPC), especially the undifferentiated subtype, is epidemic in southern China. 1 Advances in diagnostic techniques and the systemic therapy of radiotherapy, chemotherapy, and other technologies have been put into application, thus making the incidence and mortality from this malignancy decrease substantially over the past decades. It has been shown that age-standardized incidence rates of NPC reduced significantly in epidemic areas by −0.9%-−5.4% in males and −1.1%-−4.1% in females every year in average, owing to lifestyle changes and economic development and another study revealed that age-standardized mortality rates (1970-2013) declined varying from −0.9% to 3.7% and −0.8% to −6.5% in males and females, respectively. These changes are probably due to diagnostic accuracy and combination of diverse treatment approaches including the radiotherapy techniques. 2 However, distant metastasis remains a major issue. Thus, the prevention and early detection of NPC are still major issues to be concerned. Epstein-Barr virus (EBV) is a ubiquitous human herpesvirus, and establishes lifelong latent infection with more than 90% seropositively in adults. 3 So far, quantitative assessment of circulating EBV DNA has been recognized in clinics for population screening, disease surveillance, and prognostication as a potent biomarker in NPC. 4, 5 Besides, immunoserological markers such as IgA antibodies against EBV capsid antigen (EBV-VCA-IgA), have shown significant clinical value and presented as standard methods for early diagnosis. 6 However, the positive rate of EBV-VCA-IgA detection usually reaches only about 60%-70% in NPC patients probably due to the immunocompromise in a proportion of patients. This cannot satisfy the clinical need. We tried to seek a protein that is derived from the tumor cells and might not be impacted by immune ability to replenish this defect. This lead to the detection of the protein cyclophilin A (CYPA) as described below in the present approach. The EBV latent membrane protein 1 (LMP1) is a latent oncogenic protein encoded by EBV. Studies show that LMP1 harbors the oncogenic potential through NF-κB signaling pathway and contributes to the viral life cycle in differentiating epithelia. 3, 7 CYPA is a member of the immunophilin family with peptidyl prolyl cis-trans isomerase (PPIase) activity, which is in close relationship with many physiological and pathological activities including protein folding and trafficking. 8, 9 CYPA has been shown to be associated with various diseases such as cardiovascular disease, kidney disease, viral infection and cancer by binding with membrane receptor or intracellular partners and activating downstream signaling pathways. [10] [11] [12] [13] [14] CYPA is not only an intracellular protein, but also can be secreted out of cells. Extracellular CYPA also plays critical role in a number of cancers. It promotes carcinogenesis, tumor invasion, and drug resistance in various cancer cell types. 15, 16 In our laboratory, Yang et al previously performed 2D-DIGE combined with MALDI-TOF-MS analysis and found that CYPA expression was upregulated in NPC tissues from the early stage. 17 Since NPC is located deeply in the nasal cavity, plasma, or serum liquid biopsy becomes an ideal noninvasive method to help the diagnosis. Whether CYPA become detectable in sera and how it acts as a potential serum biomarker in NPC remains to be explored. Exosomes are of 50-200 nm extracellular vesicles and play critical roles in intracellular communication. Exosomes contain DNA, RNA, proteins and other bioactive molecules, playing roles in exchanging genetic information and regulating physiological and pathological activities. 18, 19 Emerging studies have proven that exosomes released from tumor cells can affect tumor formation, growth, angiogenesis, metastasis, drug resistance, and immune evasion. [20] [21] [22] [23] Noninvasive methods and potential biomarkers are essential for early detection.
In pathological state, body fluids could release exosomes that contain altered composition and aberrant expression of exosomal components, indicating that exosomes and its contents are promising to be used as novel cancer biomarkers and therapeutic targets. In this study, a comparative analysis was performed for the CYPA levels both in whole sera and serum exosomes, as well as the EBV-VCA-IgA antibody in NPC patients. The results implied the level of CYPA, especially in exosomes combined with EBV-VCA-IgA can be used to diagnose EBV-associated NPC. In addition, since LMP1 plays a central role in the development of NPC and is able to be detected in exosomes, [24] [25] [26] we detected the exosomal LMP1 which might be associated with exosomal CYPA. The results implied that exosomal CYPA could become a promising biomarker for EBV-associated NPC.
| MATERIALS AND METHODS

| Gene Expression Omnibus data analysis
Gene expression levels of a total of 41 samples (accession number: GDS3341) were retrieved from the Gene Expression Omnibus (GEO) database (https ://www.ncbi.nlm.nih.gov/ geo/). The target protein expression data were analyzed using GraphPad Prism 5 software with normal cases (NC) (n = 10) and NPC (n = 31) samples.
| Serum samples and tissue biopsies
Clinical serum samples and tissue samples were mainly obtained from the Second Hospital of Xiangya, Central South University, with informed consent from all the patients. The clinical tumor biopsies from 10 patients had been diagnosed
as undifferentiated NPC carcinoma by pathologists and the biopsies from 5 normal cases were from healthy individuals at random. The sera from 110 NPC patients and 36 normal cases were isolated from the venous blood samples by centrifugation at 1000 × g at 4°C for 10 minutes and stored at −80°C.
| Cell lines and culture
Tumor cells are kept in our laboratory that kindly provided by the pioneers that established those laboratories. 27 
| Extraction of serum exosomes
Exosomal fraction from 100 microliter of serum was isolated by using the ExoQuick™ kit (System Biosciences Inc, Mountain view, CA, USA), according to the manufacturer's instructions. Briefly, 1/4 volume of ExoQuick Solution was added to serum samples and then the mixture was refrigerated at 4°C overnight. In the following day, the mixture was centrifuged at 1500 × g for 30 minutes and supernatant was removed by aspiration. Pelleted fraction was re-suspended in nuclease-free water or prepared for the next processing.
| Extraction of cellular supernatant exosomes
Exosomes were isolated from the culture supernatant of cells. About 20 mL of each cellular supernatant was collected and centrifuged at 3000 × g for 15 minutes at 4°C to remove cellular debris. The supernatant was mixed with 4 mL of ExoQuick-TC solution (System Biosciences Inc, Mountain view, CA, USA) and incubated at 4°C overnight. The mixture was then centrifuged at 10,000 × g for 15 minutes at 4°C, and the precipitates were obtained to be used for subsequent experiments.
| Electron microscopy
Exosomes were spotted onto formvar-carbon-coated grids (200 mesh) and fixed with 2% (wt/vol) of paraformaldehyde for 5 minutes at room temperature. Then uranyl acetate was used to stain the exosomes. The grids were visualized under an FEI Tecnai12 transmission electron microscope equipped with a CCD camera.
| Western blotting analysis
For Western blotting (WB), a standard protocol was performed. 31 Proteins were extracted from lysed exosomes. A total of 50 μg of protein sample were separated by 10% SDSpolyacrylamide gels, and electroblotted to polyvinylidene difluoride membranes (Millipore, Billerica, MA, USA). After sealed off by 5% (weight/volume) nonfat milk dissolved in a standard tris-buffered saline solution with tween 20 (TBST), membranes were incubated at 4°C overnight with the first antibody. Subsequently, corresponding secondary antibodies, including Horseradish peroxidase (HRP)-conjugated anti-rabbit (CST, Danvers, MA, USA) and HRP-conjugated anti-mouse (GE Healthcare, Amersham, UK), were utilized on membranes for an hour at 37°C. Lastly, the detection was achieved on the C hemiDoc XRS + Molecular Imager (Bio-Rad) with Luminata™ Crescendo Western HRP Substrate (Millipore, Billerica, MA, USA). The antibodies used for the WB detection were: anti-HSP70 (CST, Danvers, MA, USA), CD63 (OriGene Technologies, Rockville, MD, USA), Tsg101 (Proteintech, Wuhan, China), LMP1 (DAKO Lifetech, Glostrup, Denmark), and CYPA (Proteintech, Wuhan, China). GAPDH (Proteintech, Wuhan, China) was used as a protein loading control.
| Enzyme-linked immunosorbent assay
The anti-CYPA antibody was diluted in phosphate-buffered saline (PBS) to a final concentration of 0.5 μg/mL and coated onto a 96-well microtiter plate (CUSABIO, Wuhan, China).
Human sera diluted at 1:1 ratio were incubated in the antibody-coated wells. HRP-conjugated goat anti-human IgG (Bioss, Beijing, China) and TMB (Hualen, Shanghai, China) were used as detection reagents. The optical density (OD) value was measured at 450 nm using an automated plate reader (Beckman, USA). For exosomal samples treatment, the collected exosomes were lysed from human sera were suspended in 200 μl RIPA buffer (including 1% PMSF) and then diluted at 1:20 ratio to incubate in a 96-well microtiter plate coated with CYPA antibody. For the quantitative determination of EBV-VCA-IgA in human sera, commercial immunoassay kits (Beier Bioengineering, Beijing, China) were purchased. The Enzyme-linked immunosorbent assay (ELISA) assay was performed according to the manufacturer's instructions.
| Quantitative polymerase chain reaction
Total RNA was extracted using the TRIzol Reagent (Vazyme, Nanjing, China) and cDNA samples were synthesized using a reverse transcription (RT) Kit (Transgen Biotech, Beijing, China). Real-time quantitative polymerase chain reaction (qPCR) was performed in triplicate with SYBR Green PCR Kits (TransGen Biotech, Beijing, China), using β-actin (Actin) as an internal control to normalize the expression of CYPA. The fold changes were calculated by the method of 2-△△Ct method and expressed as a fold change. The following primers were used for real-time amplification: CYPA (Forward 5′-CAAGGTCCCAAAGACAGCAGA-3′ and Reverse 5′-AAGATGCCAGGACCCGTATGC-3′); LMP1 (Forward 5′ TGAACACCACCACGATGACT 3′ and Reverse 5′ GTGCGCCTAGGTTTTGAGAG 3′); β-actin (Forward 5′-TAGTTGCGTTACACCCTTTCTTG-3 ′ and Reverse 5 ′ -TGCTGTCACCTTCACCGTTC-3 ′).
| Statistical analysis
Statistical analysis was performed using MedCalc (MedCalc for Windows, version 15.6.1.0, www.medca lc.be). The OD value analysis of CYPA was using a Student's t test when the data were normally distributed or the Mann-Whitney U test. Receiver operating characteristics (ROC) analyses were performed to determine their potential diagnostic performance for differentiating NC and NPC. Areas under the ROC curve (AUC) with 95% confidence intervals (95% CI) were calculated. The cutoff values were determined according to Youden index and differences in diagnostic performance were analyzed by comparing the ROC curves of MedCalc software (Version 15.6). All statistical tests were 2 sided, and error bars in the graphs represent standard deviations. Graphics were analyzed using the GraphPad Prism program software (Prism 5.0). Significant differences: *P < 0.05; **P < 0.01; ***P < 0.001.
| RESULTS
| The verification of CYPA upregulation
in NPC sera and tissues CYPA was previously found to be overexpressed in different TNM stages of NPC tissues by proteomics and immunohistochemical (IHC) analyses in our laboratory. 17 Here the expressions of CYPA in NPC at protein level in sera and mRNA level in NPC tissues were evaluated by ELISA and qPCR, respectively. The CYPA protein in the whole sera from NPC patients was subjected to ELISA, and serum CYPA protein was elevated significantly in NPC patients compared with NC (P < 0.05, Figure 1A ). Figure 1B showed the CYPA upregulation at mRNA level in NPC tissues (n = 10) (P< 0.05).
We also analyzed the gene microarray data from the GEO database (GDS3341). As shown in Figure 1C , the CYPA gene expression in NPC tissues was significantly higher than that in NC ( P< 0.0001).
| The high level of CYPA in serum exosomes of NPC
The alteration in exosomes can reflect the pathogenic condition of body. In this study, in order to know whether CYPA could be conveyed into the sera of NPC patients by exosomes, exosomes were extracted from NPC serum samples. The serum exosomes were characterized by electron microscopy ( Figure 2A ). As shown in Figure 2A , the
F I G U R E 1
The expression levels of cyclophilin A (CYPA) in nasopharyngeal carcinoma (NPC) sera and tissues. A, CYPA levels in the whole sera detected by enzyme-linked immunosorbent assay. Data were represented as mean ± sd of three independent experiments. B, The mRNA levels of CYPA in NPC tissues (n = 10) confirmed by quantitative polymerase chain reaction, and compared with normal cases (NC) tissues (n = 5). C, Gene microarray analysis from the Gene Expression Omnibus database (GDS3341) to compare CYPA expression between NPC patients (n = 31) and NC (n = 10). *P < 0.05, **P < 0.01, ***P < 0.001, as comparison to NC group vesicles were presented to be nano-sized ranging from 30 to 200 nm in diameter and with round doubled disk structure. The exosomal markers (HSP70, CD63, and Tsg101) and CYPA in exosomes were assayed by Western blotting ( Figure 2B) , showing the high level of exosomal CYPA protein. The levels of exosomal CYPA in the samples were detected by ELISA, showing that exosomal CYPA existed at a significant higher level in NPC exosomes than that in NC (P< 0.0001) ( Figure 2C ).
| Comparative analysis of diagnostic value of CYPA from whole sera and serum exosomes
To confirm CYPA as a potential biomarker, ROC curves were utilized to analyze the diagnostic values of sera and exosomal CYPA on the basis of the above data. As shown in Figure 3A , B, the ROC curves discriminated between NC and NPC, with the area under the ROC curve (AUCs) being of 0.631 (CYPA detected from whole sera; 95% CI: 0.547-0.709; P = 0.042; The cutoff value of human sera: 0.248) and 0.844 (CYPA from serum exosomes; 95% CI: 0.775-0.899; P < 0.0001; The cutoff value of serum exosomes: 0.7434), respectively. As AUCs are an evaluation criterion, exosomal CYPA presented a high and serum CYPA presented a moderate diagnostic significance. It is noticeable that only 2.5% of serum amount for each sample was used in the exosomal CYPA detection by ELISA, compared with the detection in whole sera. Nevertheless, the detection values of exosomal CYPA were relatively higher than that of serum CYPA from the same sera samples ( Figure 3C ). In addition, in consideration of the relatively low positive rate of EBV-VCA-IgA in NPC patients, we evaluated the combination of these two markers in the diagnosis of NPC. As it is shown in Tables 1 and 2 , the results suggested that serum CYPA could make up for the default of utilizing serum EBV-VCA-IgA antibody alone in the diagnosis of NPC alone. For those samples with EBV-VCA-IgA negative, more than 80% of them showed that exosomal and serum CYPA were positive, and exosomal CYPA had a higher specificity with a false-positive ratio of 6/36.
| The relationship of serum exosomal
CYPA and LMP1 levels in NPC
The EBV oncoprotein LMP1 is able to be secreted into exosomes from EBV-infected cells. We detected both the CYPA and LMP1 levels simultaneously in part of the NPC serum exosomes samples by qPCR ( Figure 4A, B) . The correlation analysis showed that there is a significantly positive correlation between exosomal CYPA and LMP1 ( Figure 4C ).
| Exosomal CYPA expression in EBVpositive cell lines
To further validate the correlation of exosomal CYPA with EBV infection, EBV-positive and negative cancer cell lines were used for CYPA detection as described in Figure 5A . According to Figure 5B , in EBV-positive cells, CYPA had higher transcriptional levels than that in EBV-negative cells. 
| DISCUSSION
NPC is curable when diagnosed early and its 5-year survival could be reached as much as 90%. However, most patients has been identified at advanced stages with a much lower 5-year survival (<50%) clinically. 34 Therefore, early diagnosis of NPC is crucial and there is a need for novel biomarkers to assist early detection.
F I G U R E 2
The expression levels of cyclophilin A (CYPA) in nasopharyngeal carcinoma serum exosomes. A, Electron microscopy identification of the extracellular vesicles of exosomes from human sera. B, Western blotting analysis of exosomal special markers (HSP70, CD63, and Tsg101) and CYPA expression in serum exosomes. C, Exosomal CYPA detection by enzyme-linked immunosorbent assay. Data were represented as mean ± sd of three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001, as comparison to normal cases group EBV is closely linked to NPC, herein, the detection of EBV-related factors has been developed and utilized in NPC diagnosis. 35 EBV DNA by liquid biopsy has been verified as an outstanding tool in the early diagnosis EBV-associated NPC. 36 Several EBV antigens along with their specific antibodies are produced among the process of NPC development, including viral capsid antigen (VCA-IgA) and intracellular early antigen (EA). These two indexes have been combined in an investigation for clinical diagnosis and monitoring. 34 VCA-IgA is more usually used. The sensitivity of VCA-IgA is not high enough (about 60%-70%) to meet the needs for clinic. 34 Similarly, the detection rate of VCA-IgA in our research was only 68.2% (Table 1) , with about 30% of patients missing diagnosis, probably due to the immunocompromise with a cancer burden. 37 In view of this, a protein in sera is not directly limited by immune status, could be a potential solution. Based on our study, circulating exosomal CYPA is proposed (Table 2) . Accumulating studies have disclosed significant properties and functions about CYPA. 10 From our laboratory, Yang J, et al first reported the upregulation of CYPA in NPC in early-stage NPC, 17 implying that CYPA could be used for NPC early diagnosis. However, how to utilize it for the diagnosis remained to be explored. In this study, through a comparative analysis of CYPA protein expression, combined with the detection of VCA-IgA, we concluded that exosomal CYPA is a promising biomarker for EBV-associated NPC. The combination of exosomal CYPA and VCA-IgA would increase the diagnosis sensitivity and specificity. This is also a noninvasive detection of liquid biopsy.
F I G U R E 3
Diagnostic significance analysis of cyclophilin A (CYPA) levels in whole sera and serum exosomes. A, Receiver operating characteristics (ROC) curve analysis of CYPA from the whole sera. B, ROC curve analysis of CYPA from serum exosomes. C, Comparison analysis between sera CYPA and exosomal CYPA levels from the same individual samples. Data were represented as mean ± sd of three independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001, as comparison to normal cases group. Sera stands for serum CYPA level; Serum EXO stands for serum exosomes CYPA was primarily regarded as a cytosolic protein that binding with immunosuppressive drug cyclosporine A. 10 While in recent years, CYPA has been proven to function outside of cells. For example, once tissues are injured, CYPA can be secreted from cells to recruit inflammatory cells. 8, 10 It was the property of extracellular secretion of CYPA that suggested us to detect it in NPC sera.
CYPA(+) EBV(+) EBV(-)
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Exosomes functions as a carrier of biological molecules, including proteins, lipids, DNA, and RNA, to facilitate intercellular communication. 38 Due to the protection of exosomes,
F I G U R E 4
The relationship between exosomal cyclophilin A (CYPA) and latent membrane protein 1 (LMP1) in nasopharyngeal carcinoma (NPC). A, Exosomal CYPA levels in NPC sera samples detected by quantitative polymerase chain reaction. B, Exosomal LMP1 levels in the same sera samples as in (A). C, Correlation analysis between exosomal CYPA and LMP1 levels. Data were represented as mean ± sd of three independent experiments. *P < 0.05, **P < 0.01 the molecules in it become much more stable in body liquid. There are limited reports about the correlation between CYPA and exosomes. Wang J-J, et al verified that exosomes secreted from macrophages infected with mycobacterium avium contained upregulated CYPA. 39 In prostate cancer cell, CYPA was present as a housekeeping protein in exosomes. 40 In this study, we also proved that CYPA present in serum exosomes from NPC patients. Based on our study, CYPA not only could be drained into peripheral blood, but also could be conveyed and enriched into serum exosomes. Though exosomes are nanoparticles in size, they possess the ability to permit the enrichment of proteins, especially in sera [26] . In our experiments, 100 μl of serum per sample was used for the extraction of exosomes and finally diluted in 200 μl of RIPA lysate. Furthermore, only 5 μl of diluted exosomal lysate, together with 95 μl of sample diluent, was subject to the ELISA. While, a total of 100 μl sera were applied for the ELISA in the detection of whole sera, with a lower CYPA level than that in the exosomes detection. This indicated that exosomal CYPA had a much more efficient value in NPC diagnosis ( Figure 3A, B) . Nevertheless, the extraction of exosomes from cell culture supernatant is still a problem due to the low production and, real-time qPCR has been recommended to be an alternative detection of exosmal protein from cell culture rather than Western blotting. 41 In addition, our results suggested that serum CYPA could make up for the default of utilizing EBV-VCA-IgA in the diagnosis of NPC alone. Among the 30% of NPC samples with VCA-IgA negative, the rate that CYPA levels could be detected up to around 80%. Hence, we recommended a detection of exosomal CYPA for those suspected NPC patients with negative EBV-VCA-IgA. CYPA might not be ideal to act as a standalone indicator for NPC screening, which is probably due to the multiple functions of CYPA in normal physiological processes. Thus, the elevated level of CYPA in sera is not the only specific reaction in EBV-associated NPC.
EBV is the most important etiological factor for NPC development and progression. EBV infection is an early event in NPC development because CYPA is also upregulated from the early stage of NPC, we tried to find a relationship between CYPA expression and EBV infection. LMP1 is the viral oncoprotein and was previously found to be packaged into host exosomes. We detected the expression levels of both in the same exosome samples, and the result showed they had a positive relationship ( Figure 4C) .
We also detected their expression in exosomes from EBVpositive and negative cell lines by performing RT-qPCR ( Figure 5A ). The result displayed that exosomal CYPA from EBV-positive cell line C2089 was higher than that from EBV-negative 293 cell line at protein level ( Figure 5B ). In the detection of exosomes derived from cell lines of several EBV-associated tumors including NPC, gastric carcinoma, and lymphadenoma, the results revealed similar patterns ( Figure 5B-E) . The results imply that exosomal CYPA level is related to EBV infection. Whereas, elevated high level of CYPA may also be present in these EBV-associated tumors. Therefore, in clinical practice, comprehensive factors including clinical symptoms, results from pathological and serological examination should be taken into consideration in diagnosis.
All in all, this study demonstrated that circulating exosomal CYPA is a novel promising biomarker of NPC. Clinically, a combination of exosomal CYPA and EBV-VCA-IgA would increase the accuracy of diagnosis, especially when EBV-VCA-IgA is negative. The enrichment of CYPA in serum exosomes discloses its practical significance in diagnosis by liquid biopsy.
information of the gene microarray (GDS3341) were retrieved from GEO database (https ://www.ncbi.nlm.nih.gov/ geo/).
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